The satellite I DNAs of domestic goat (Capra hircus) and domestic sheep (Ovis aries) have been studied using molecular hybridisation and restriction enzyme analysis. Both satellite DNAs are composed of repeat units of 820 base pairs in length, but their restriction maps, although similar, differ in certain respects. Thus the majority of sheep satellite I repeat units have two EcoRI sites and one Alul site, whereas the majority of goat satellite I repeat units have one EcoRI site and two Alul sites. The sheep satellite I repeat units with the two EcoRI sites are much more homogeneous than the repeats forming the remainder of the satellite, as judged by the difference in the melting temperatures of native and reassociated molecules. DNAs from species of wild sheep and goats were screened for the presence of these repeat units, and they appear to have been amplified during the radiation of the Ovis genus. Goat satellite I is composed of a single sequence type which has changed through base substitution until the sequence now shows considerable heterogeneity. It is proposed that the major sequence types of these two satellite DNAs were amplified by different saltatory replication events at different times in the evolution of the group.
INTRODUCTION
Satellite DNAs have been identified in the sheep and goat which have similar buoyant densities (1), and which will cross-hybridise with chromosomes of the other species (2, 3) .
It was therefore considered of
interest to see what structural similarities there were between the crosshybridising satellite sequences of these species, and to see if this would shed some light on the evolution of these sequences.
Preliminary restriction analysis of sheep and goat satellite I DNAs shows that they are composed of long range repeat units of the same length and with similar restriction maps (4), The present paper examines in greater detail the structure of, and relationship between, the satellite I DNAs of these species using molecular hybridisation and restriction enzyme analysis. It confirms the fact that they are closely related, but also shows that there are differences which occur between the major fractions of the two satellites. It is argued that it is most unlikely that these differences are the result of unequal crossing-over, and so it is proposed that these satellite DNAs were amplified for the nest part by the separate replication of repeat units from the same sequence family.
MATERIALS AND METHODS a) Animals
Tissues (liver and blood) were obtained from the following species:
Saanan goats (Capra hircus), Scottish blackface sheep (Ovis aries), aoudad were estimated by tracing photographic negatives with a Joyce-Loebl scanning densitometer, and with reference to restriction fragments of <{>X174 RF DNA (8) and bacteriophage X DNA (9) molecular weight standards. In order to determine the relative number of copies of different DNA fragments in a particular restriction digest, a Haelll digest of (j>X17tRF DNA was used to construct a standard curve of the relative fluorescence of different molecular weight DNA fragments present in equimolar amounts (10) Restriction fragments separated electrophoretically in agarose gels were transferred'to Sartorius 16 x 16cm nitrocellulose filters (11) except that the transfer was performed with 10 x SSC, 10mM KOH (12), For filter disc hybridisations, nitrocellulose filters were each loaded with 1ng of total satellite DNA in the presence of 3ug bacterial DNA (13). Filters were incubated in 2 x SSC, pH 7.2, 0.1% SLS, 2 x Denhardt's solution (It) at 65°C for 3-5 hours prior to incubation (3-16 hrs) with 32 P-labelled nick translated satellite DNAs (15) under the same conditions. After hybridisation, filters were washed twice in 2 x SSC, once at 65°C and once at 20°C, and then rinsed briefly in 3mM tris, not pHed (i.e.pH=9.t), before being exposed to Kodak X-Omat H X-ray film at 20°C.
Hybrids on filter discs were melted by transferring them from one screw-top vessel to another, each vessel containing 1-2ml of 0.3xSSC equilibrated to the next temperature point. Elution was monitored by Cerekov radiation, d) Thermal denaturatlon studies Melting temperatures of native satellite DNAs were determined by heating in a quartz glass cuvette (1cm light path) in a Pye Unicam SP1750 spectrophotometer fitted with SP874 and SP876 heating accessories. For ATm determination of total satellite DNA preparations, 10ug of DNA were sheared to single-strand lengths of approximately 1kb in lml of 0.3xSSC (16), About 3Mg of individual restriction fragments were used, again in lml of 0.3xSSC.
After denaturation of the native DNA, the sample was sealed in a glass ampoule and incubated to Cot 10" (Cot=moles nucleotide/litre second), when it was cooled, returned to the cuvette, and remelted. GI/AluI fragments total the length of a repeat unit, and measurements carried out on the relative amounts of these fragments (see Materials and Methods) show that in both cases the two fragments are present in equimolar amounts. In the case of SI, the ratio of repeats containing two EcoRI sites, to the combined total of repeats containing one EcoRI site and those present as dimers after EcoRI digestion is 21:7, and so 75% of SI repeat units contain two EcoRI sites. In the case of GI, the ratio of repeats containing two Alul sites to those containing only one is , 6f ), is 7,5°C and shows the presence of both well-and poorly-matched sequences. The former will be enriched by homogeneous sequences moving into the monomer class through the loss of EcoRI sites, but it is not clear to what extent.
As expected, the value for the total satellite falls between those for the separate SI/EcoRI fragments (fig, 6c) . Total GI has a large ATm, which confirms the result previously obtained in section (b), which indicated that reassociated GI forms poorly-matched duplexes. It should be noted here, however, that the values obtained for ATms by the optical method do not agree with those obtained by melting off nitrocellulose. It has been noted before that satellite cRNA/DNA hybrids form very unstable As restriction fragments had been identified which were specific to each satellite, the DNAs of various species of wild sheep and goats were assayed for their presence in an effort to determine when each satellite was generated. Consequently, these various DNAs were digested with EcoRI and hybridised to P-labelled SI DNA after electrophoresis and transfer to nitrocellulose (11), It can be seen from fig, 7 (a) that crosshybridising sequences all share the 820bp repeat unit, and that those , 8 ), Unequal crossing-over and gene conversion (26) could, however, act at low levels to increase copy number further and redistribute sequences within the genome. Ntore knowledge is required concerning their ability to take place within constitutively heterochromatic regions of the genome before their effect on satellite DNA structure and genomic distibution can be fully assessed.
